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Figure 9 - Pressure-time records associated with the deep-with-offset chamber

e. General

It is well to note that the tentative estimates for man, given in Table 3

apply to near sea-level conditions, and though the significance of the initial ambient pressure

has been appreciated for some time 8 and a few data on mice indicate that tolerance to "fast"-

rising overpressures is less at altitude than at sea level, 4 4
. 46 more work must be done before

firm interspecies data are at hand to refine biological blast scaling as a function of the pressure

altitude at which exposure occurs. Similarily, a few exploratory experiments indicate that very

young rats are less tolerant than adults of the same species 4 4 and future investigations are

required to spell out the significance of the age factor. So also is the case for that portion of

hazards assessment referable to a performance decrement and even the psi to be associated with

the threshold for lung injury yet remains to be placed under systematic study in the several

mammalian species.

2. Disturbed, Atypical or Non-Classical Wave Forms

Mammalian tolerance to disturbed wave forms is far from as well understood as is the

case for classical pressure pulses. However, enough data are available to illustrate that the animal

is extraordinarily sensitive to a change in the rising phase of the pressure pulse. Indeed if pres-

sures rise in two "fast" steps with a sufficient delay in time -which is different for each of the

species studied to date -between the first and second steps, tolerance (expressed in terms of the

reflected maximal pressure) may increase almost 60 per cent. 3 0
. 37. 47 However, if the time to Pmax
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While these matters are under current study in Japan 84 and by Oak Ridge personnel in
the United States 8 5-8 7 and better estimates will no doubt be forthcoming in due course, it is well
to point out again that all the numbers noted in the present study for initial ionizing radiations
including those tabulated in Tables 12-24 and 25-28 to illustrate the comparative relationship
among the major effects data were scaled from Glasstone 6 and thus are consistent with the curves

labeled "A" in Figures 46 and 47 for Hiroshima and Nagasaki, respectively. Those wishing to use
the scaled radiation numbers of York or Neel and Schull may easily do so by referring to curves
"C" and "B" in Figures 46 and 47.

C. COMPARATIVE EFFECTS DATA SUMMARY

In contemplating the over-all significance of comparative effects parameters scaled in

the present study, it is helpful to note Figures 48 and 49 - which for Hiroshima and Nagasaki,

respectively - summarize the free-field effects-range data for overpressure, translational velocities

for man and window-glass fragments, thermal radiation and initial nuclear radiations when the
latter refers to doses scaled from The Effects of Nuclear Weapons; i.e., they are consistent with
curves "A" in Figures 46 and 47. Since all the curves are labeled, the reader will have little

difficulty in appreciating the several range-effects relationships providing it is understood that

the ordinates or log scales are arbitrary and refer to the units andvalues noted for each of several

curves.

Also, it is significant that charts such as those in Figures 48 and 49 can be prepared
for any specific yield and burst condition for which effects data are currently available. The
approach illustrated offers an interesting graphical means of portraying comparative-effects data
across the range-yield spectrum, and while based on simple though tedious scaling laws, the

procedure can be of considerable value in elucidating the interplay of the potentially hazardous
phenomena that can follow detonation of nuclear explosives. The quantitative utility of such
exercises of course depends upon the validity of the effects information employed, but these
matters do not degrade the merit of free-field scaling carried out for comparative and relative
assessment of potential hazards.

IX. SUMMARY

A. The problem areas interesting those who would establish a quantitative relation between

biological response and various levels of all the environmental variations that follow nuclear

detonations were defined. On the physical side, these encompassed:

1. Information about the energy source and the factors which influence free-field scaling

to set forth the range-effects relationship.

2. "Geometric" scaling whereby the conditions of exposure may modify the free-field

effects.

3. Secondary events wherein energy transfer to animate and ininanimate objects occur.

The biologically oriented problem areas included:

1. Biophysical interaction involving energy dissipation by or within biological media

as these influence etiologic mechanisms.

2. Biologic response to single and combined injury and the biomedical tasks related

thereto.

3. Hazards assessment and the formulation of protective measures and procedures.
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ABSTRACT

The problem areas of concern to those who would establish a quantitative relation between

biologic response and the more immediate environmental variations caused by nuclear explosions

were defined. The scope of blast and shock biology was set forth and a selective summary of

current knowledge regarding biological blast effects was presented. Tentative criteria useful in

assessing the hazards of some of the major nuclear effects were noted. Following elucidation of

the range-yield-effects relationship applicable to high-yield explosions generally, the criteria

were applied specifically to a 20-kt yield burst at heights assumed to apply to the Hiroshima and

Nagasaki explosions. The procedure, establishing the range-effect relationships for the two
Japanese cities, was carried out through use of the free-field scaling laws and a mathematical

model allowing scaling of translational effects for both debris and man. Thus an attempt was

made to predict the ranges inside which the potential existed for producing specified levels of

biological damage. For each of the predicted ranges, values for overpressure, thermal and initial

nuclear radiations along with translational velocities for man and glass fragments were computed
to allow a more balanced appreciation of all the effects parameters that pose a hazard to man.

The implications of the free-field range-effects data in interpreting some of the immediate effects

at Hiroshima and Nagasaki were-explored and discussed. Though the over-all analytical approach

followed was thought to be useful and sound, the tentative nature of many of the numerical data

presented was emphasized. Thus those numbers employed representing best current estimates as

well as values arbitrarily assigned were all noted to be subject to future refinement as new

information expands the understanding of nuclear phenomenology and the consequences of
exposure thereto.
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